Abstract The adverse consequences of postpartum depression on the health of the mother and her child are well documented. However, there is little information on postpartum depression among mothers with disabilities. This study examines the patterns of depression and depressive symptoms before, during and after pregnancy and the association between depression before and during pregnancy and postpartum depression symptomatology (PPD) among women with and without disabilities. Data from the 2009-2011 Rhode Island Pregnancy Risk Assessment Monitoring System (PRAMS) were analyzed in 2013. Almost 30 % (28.9 %; 95 % CI 22.8-35.8) of mothers with disabilities reported often or always feeling down, depressed or sad after childbirth compared to 10 % of those without disabilities (95 % CI 8.9-11.3). Compared to other women in the study, women with disabilities had a greater likelihood for PPD symptoms (RR 1.6, 95 % CI 1.1-2.2) after accounting for sociodemographics, maternal characteristics related to PPD, and depression before and during pregnancy. Adjusting for other covariates, self-reported prenatal diagnosis of depression was not associated with symptoms of PPD and depression during pregnancy was marginally associated with PPD symptomatology for women with disabilities. Women with disabilities are at a greater risk of experiencing symptoms of postpartum depression than other women. Screening for PPD among new mothers with disabilities and timely referral of those with PPD diagnosis are vital to the health of mothers with disabilities and their children.
Introduction
Increasing numbers of women with disabilities are choosing to become pregnant and bear children [1, 2] . A recent analysis of National Health Interview Survey data found that 2 % of US women with chronic physical disabilities between 18 and 49 years of age are currently pregnant [3] . Although more women with disabilities are having children, there is little systematic information on the experience of women with disabilities before, during and after childbirth [1, 4] . Nonetheless, anecdotal evidence and several studies suggest that women with disabilities have higher risks for various complications during pregnancy and are more likely to have adverse pregnancy outcomes [5] [6] [7] . However, little information is available about the likelihood of one particularly serious outcome-postpartum depression-among women with disabilities who give birth.
The association between disability and depression is well documented. Persons with disabilities are more likely than those without disabilities to report depression and depressive symptoms [8] [9] [10] [11] [12] . Approximately 37 % of people with disabilities reported lifetime depression compared to 11 % of those without disabilities [13] . Compared to women in the general population, women with disabilities are at a greater risk for depression [14] . Among women with disabilities, 42 % reported ever having been depressed compared to 14 % of those without disabilities [13] . However, an important question is whether experiencing depression at other times in life is associated with higher rates of postpartum depression among women with disabilities.
Postpartum depression (PPD) is a serious mental health condition affecting approximately 12-20 % of US mothers [15] . PPD can have severe consequences, affecting the health and well-being of the mother and her child [16] . It can impair maternal-infant bonding, leading to attachment insecurity and developmental delays in children [17] [18] [19] [20] [21] [22] . Studies have also shown that children affected by mothers who experience PPD are more likely to develop behavioral problems over time [19] . Women who experience PPD are also more likely to experience future episodes of depression [18] . Risk factors for PPD include personal or family history of depression, history of maltreatment, childhood sexual and physical abuse, very young maternal age (adolescence), low income, limited social supports, poor relationship with partner, urban residence, history of preterm births, and maternal and partner substance abuse [23] [24] [25] [26] [27] [28] . Women from racial and ethnic minority groups and immigrant women are also at higher risk for postpartum depression [29] . Despite the extensive research on PPD, the effects of disability on PPD incidence have received little study.
The purpose of this study is to explore patterns of depression among women with and without disabilities who have given birth. In addition to examining depression before and during pregnancy, we focus specifically on PPD symptomatology and ask how depression before and during pregnancy affect the likelihood of PPD symptomatology for women with and without disabilities. We use a unique population-based data set that contains considerable information on the attributes and pregnancy experiences of women in Rhode Island who recently gave birth, the Pregnancy Risk Assessment Monitoring System (PRAMS) survey [30, 31] . We address the following research questions:
1. What are the patterns of depression and depressive symptoms of women with and without disabilities before, during, and after pregnancy? 2. What factors are associated with PPD symptomatology for women with and without disabilities? 3. How do patterns of depression/depressive symptoms and postpartum depressive symptomatology associations differ for women with versus without disabilities?
This study is the first of which we are aware to examine the incidence of PPD among women with disabilities. Furthermore, it is the first to look at how depression-related experiences at other time points are associated with PPD for women with disabilities.
Methods

Data Source
We studied data from the 2009 to 2011 Rhode Island Pregnancy Risk Assessment Monitoring System (PRAMS). The PRAMS is a population-based surveillance system that collects state-specific data on maternal attitudes and experiences before, during, and shortly after pregnancy. Survey participants were sampled from a frame of eligible birth certificates that included all live-born infants born to RI-resident women [30, 31] . Selected women are first contacted by mail and those not responding to repeated mailings are contacted and interviewed by telephone. The survey is conducted in English and Spanish.
The RI PRAMS data include information collected from the birth certificate and the maternal survey. The birth certificate serves as the source for demographic and clinical information about the mother and her infant; the RI PRAMS questionnaire serves as the principal source for maternal behavioral information for the time before, during and after her most recent pregnancy.
Rhode Island implemented PRAMS in 2002 and is one of 40 states that conduct the survey. Each month about 165 RI women who recently gave birth are randomly chosen to receive the survey. The RI PRAMS surveys all mothers who deliver a low-birth weight infant and over-samples births occurring in the cities of Central Falls, Newport, Pawtucket, Providence, West Warwick and Woonsocket. About 2,000 or more than 15 % of recent mothers are selected to participate in the PRAMS each year in RI.
Rhode Island is one of only two states that include a disability screener in their PRAMS surveys. For this study we included data from the RI PRAMS because it includes a disability screener and also detailed questions on Details about the purpose, sampling methods, and data collection of the PRAMS methodology are available elsewhere [13, 31] . Our analysis has been approved by University of Massachusetts Medical School Institutional Review Board.
Disability and Depression Measures
We used responses to the following RI PRAMS question to determine disability status: ''Are you limited in any way in any activities because of physical, mental, or emotional problems?'' The RI PRAMS included several questions on depression before, during and after pregnancy. Women were asked whether they were diagnosed with depression before and during their most recent pregnancy. Respondents were asked whether they had visited a health care provider during the 12 months before their pregnancy for depression or anxiety.
Those who responded to having been diagnosed with depression during their pregnancy were asked whether they had taken prescription medication and they had gone for counseling during their last pregnancy. They were also asked whether their doctor had spoken to them about ''babyblues'' or ''postpartum depression'' during their last pregnancy. Respondents were asked how often they felt down, depressed, or sad since their baby was born. Those responding ''often'' or ''always'' were included in the group of women experiencing symptoms of PPD. The RI PRAMS included two other questions on the emotional state of women after delivery. They were asked how often they felt hopeless since their baby was born and how often they felt slowed down since the birth of their baby.
Other Predictor Variables
We included a number of other indicators previously found to be associated with PPD in earlier studies [32] [33] [34] . These indicators included previous live births or parity, smoking in the last trimester of pregnancy, physical abuse during pregnancy, stressful life events, medical complications during pregnancy, breastfeeding, pregnancy intention and discussion about mental health with a provider. To capture maternal stress, the PRAMS includes a list of 13 stressful life events such as moving, loss of job by mother or partner, divorce, and homelessness. If mothers responded yes to any of these events, they were included as having a stressful life event in our analysis. Women who reported experiencing medical problems such as kidney infections, high blood pressure, severe dehydration and nausea were included in the analysis as having a medical complication during pregnancy. We also included being diagnosed with depression before and during pregnancy in our analyses.
Other covariates included maternal age (\20, 20-29, 30-39, 40? years), education (\high school, high school, [high school), race/Hispanic ethnicity (White non-Hispanic, Black non-Hispanic, Hispanic, Asian non-Hispanic, other non-Hispanic), marital status, private or public health insurance, and household poverty status measured as a ratio of family income to poverty threshold (B100 %, [100 %).
The birth certificate provided data on maternal age, education, race/Hispanic ethnicity, and marital status; data for the other measures were obtained from the RI PRAMS questionnaire.
Statistical Analysis
We conducted bivariate analyses to examine the distribution of selected socio-demographic characteristics, depressive symptomatology, and other health indicators by mothers' disability status (Tables 1, 2 ). The 95 % confidence intervals (CI) around the population estimates were calculated by using the point estimates and their standard errors.
Using stepwise multiple logistic regression we examined the association of disability status with symptoms of postpartum depression (Table 3) . First, we included the association between disability status and PPD symptoms (step 1), after which we adjusted for socio-demographic characteristics (step 2), maternal characteristics found to be correlated with PPD in prior studies (step 3) and finally maternal depression before and during pregnancy as well as provider interactions related to their mental health.
Due to the small sample size of women with disabilities, we did not have power in the study to test for interactions. As a result, we ran two separate logistic regression models Table 3 continued Step 1
Step 2
Step 3
Step for women with disabilities and for women without disabilities to examine the association between depression before and during pregnancy and PPD symptomatology (Table 4 ). In the first model (n = 287) we examined how depression/depressive symptoms before and during pregnancy are associated with PPD symptomatology among women with disabilities. Similarly in the second model (n = 3,440) we examined the association between depression and depressive symptoms before and during pregnancy and PPD symptoms among women without disabilities. In order to construct more parsimonious models, we included only those variables that were significant in the stepwise multiple logistic regression models. To account for complex survey design of RI PRAMS surveys, SUDAAN 11.0.0 was used to conduct the analyses for this study. The RI PRAMS study has been approved by the Rhode Island Department of Public Health Research and Data Access Review Institutional Review Board.
Results
Study Population
Among women who gave birth in Rhode Island, 6.8 % (95 % CI 5.8-7.8) reported a disability. There were significant differences in maternal characteristics and health indicators by disability status (Table 1) . Recent mothers with disabilities were more likely to be younger, unmarried, have less formal education, be on public insurance, and have a household poverty status equal to or \100 % of the federal poverty level (FPL) than those without No ----disabilities. They were also more likely to smoke in the last 3 months of their pregnancy, report physical abuse during pregnancy, and experience maternal stressors and medical complications during pregnancy.
Disability and Depression Symptomatology Before, During and After Pregnancy
Disability-related differences were found in the mental health of the mothers before, during and after pregnancy (see Table 2 ). ) of mothers with disabilities reported often or always feeling down, depressed or sad after childbirth compared to 10 % of those without disabilities (95 % CI 8.9-11.3). Similar differences by disability status were found to the questions on feeling ''slowed down'' and feeling ''hopeless'' since the baby was born (see Table 2 ).
Disability and Postpartum Depression Symptomatology
In the unadjusted model, women with disabilities were 2.2 times more likely to report PPD symptoms (95 % CI 1.7-2.9) compared to women without disabilities ( Table 3 ). The addition of sociodemographic characteristics (step 2) slightly weakened the association between a mother's disability status and having PPD symptoms (RR 2.0; 95 % CI 1.5-2.6). While the addition of other maternal characteristics that have been found to be associated with PPD in the literature further weakened the association between disability and symptoms of PPD, women with disabilities were 1.8 times more likely to experience symptoms of PPD (95 % CI 1.3-2.4) compared to women without disabilities. In the final step of the model we accounted for depression before and during pregnancy and discussion about mood with a health care professional during pregnancy (step 4). In contrast to women not reporting a disability, women with disabilities had greater likelihood for PPD symptoms after accounting for sociodemographics, other maternal characteristics related to PPD, prior to and during pregnancy diagnosis of depression and visiting a provider for depression or anxiety.
Association Between Depression Before and During Pregnancy and Postpartum Depression Symptomatology
In this next step we examined the association between depression before and during pregnancy with PPD symptoms among women with and without disabilities ( Table 4) . Adjusting for other covariates, self-reported prenatal diagnosis of depression was not associated with PPD symptomatology for women with disabilities. However, depression during pregnancy for women with disabilities was marginally associated with PPD symptoms (p \ 0.10; RR 1.7; 95 % CI 1.0-2.9). In contrast, women without disabilities who had a prenatal diagnosis of depression or had reported depression during their pregnancy were more likely to report symptoms of PPD.
Among other risk factors associated with PPD symptomatology among women with disabilities, we found that those who experienced medical problems during pregnancy or who had reported being physically abused by a current or former partner during their pregnancy were more likely to report symptoms of PPD. There were no significant associations between other demographic characteristics and PPD symptoms for women with disabilities. In contrast, other risk factors associated with PPD among women without self-reported disabilities included Hispanic ethnicity, maternal stressors, medical complications during pregnancy, and unintended pregnancy.
Discussion
This study demonstrates that women with disabilities are at a greater risk of experiencing symptoms of postpartum depression than women without disabilities. Adjusting for demographic characteristics, and other maternal characteristics associated with PPD symptoms, women with disabilities were significantly more likely to report symptoms of PPD. Interestingly, even after controlling for depression diagnosis before and during pregnancy, women who selfreported having a disability were still substantially more likely to report PPD symptoms.
We also examined the association between depression before and during pregnancy with PPD symptoms. Interestingly, for women with disabilities there was no association between depression diagnosis prior to pregnancy and symptoms of PPD. However, diagnosis of depression during pregnancy was marginally associated with PPD symptoms for women with disabilities. Potentially with a larger sample size of women with disabilities this association could achieve significance. This raises the question whether circumstances that occur during pregnancy may contribute both to depression during pregnancy and ultimately to postpartum depression for these women. For example, medical problems and physical abuse during pregnancy, both predictors of PPD symptomatology among women with disabilities in this study, may also contribute to depression during pregnancy.
Another possible explanation is that factors not measured in this study including stigma, lack of access to health care and services, lack of social and familial support, and unmet need for informal and formal care for women with disabilities during pregnancy and at postpartum could also contribute to postpartum depression for women with disabilities. Findings from other studies suggest that women with disabilities are less likely to have access to prenatal care and poorer access to adequate medical care altogether. In addition, women with disabilities may encounter negative attitudes from health care providers [35] [36] [37] [38] [39] and from their partner, family members and friends [1, 40, 41] . Further studies are needed to examine the association between informal and formal support during pregnancy and during postpartum, attitudes towards pregnancy in women with disabilities by health care providers and others, and other factors not measured in the PRAMS survey and depression during and after pregnancy among women with disabilities. This is the first study to our knowledge, to examine postpartum depression among women with disabilities using a population-based dataset. Ross and Dennis [42] in their systematic review of PPD among women with chronic illness and disabilities including women with rheumatoid arthritis, multiple sclerosis, lupus, fibromyalgia, cancer, cerebral palsy, autoimmune disease and other chronic diseases and disabilities concluded that there was a concerning lack of research on postpartum mental health among women with disabilities. Only four studies on postpartum mental health were identified in their systematic review, including studies on women with HIV [43, 44] , chronic health conditions [45] , and rheumatoid arthritis and ankylosing spondylitis [46] . However none of these studies were based on representative or population-based samples of women with disabilities or long-term chronic health problems and furthermore, no studies on PPD were identified among women with multiple sclerosis, fibromyalgia, heart disease, asthma, and other chronic conditions and disabilities.
The detrimental effects of PPD on the health of mothers, their relationships with their partners, and their ability to bond with their infants as well as long-term health and wellbeing of their infants are well established [16] [17] [18] [19] [20] [21] 47] . These adverse consequences of PPD observed among women and their infants in the general population could potentially be worse among mothers with disabilities given the structural and attitudinal barriers faced by women with disabilities during their pregnancy. The small but growing literature on pregnancy and disability suggests that women with disabilities have difficulty accessing maternity services, are at an increased risk of pregnancy-related complications and are at a higher risk for adverse obstetric outcomes [48] [49] [50] [51] [52] . Therefore, the impact of PPD and PPD symptoms among women with disabilities and their infants may likely be worse than the impact on the general obstetric population.
This study has several limitations. Given limitations of the PRAMS methodology, our research excluded pregnancies that resulted in stillbirths or live births of multiples of four or more infants. The RI-PRAMS data do not allow for determination of type of disability or severity of disability, both of which may have an impact on the experience of PPD symptoms. For example, women who identify as having a disability may be disabled by a serious or persistent mental illness which could confound the analysis. Interestingly, however, the results of this study did not detect a relationship between depression before pregnancy (which likely includes women disabled due to serious mental illness) and symptoms of PPD among women with disabilities. The data from the PRAMS survey are subject to self-report and recall biases. In addition, there may be limitations to the validity of birth certificate data included in the RI-PRAMS. Previous studies examining the validity of birth certificate data have had mixed results [53] [54] [55] . The rates of PPD symptoms reported in this study represent self-reported postpartum depressive symptomatology and may not reflect a clinical diagnosis of postpartum depression diagnosis or actual rates of PPD among women with and without disabilities. Finally, conclusions about causality cannot be drawn as the PRAMS utilizes a cross-sectional survey design.
Despite these limitations, the results of the present study suggest that women with disabilities are at a heightened risk for depression before, during and after pregnancy. Given the findings from this study, a more in-depth examination of PPD and postpartum depressive symptoms among women with disabilities and follow-up longitudinal studies are needed to understand the causal pathways and consequences of PPD symptomatology among women with disabilities. Fundamental to additional surveillance of PPD and disability are the inclusion of questions that identify disability in surveys that collect data on maternal health including the PRAMS. As of 2013, only two of the forty states with PRAMS surveys included disability identifiers. Given the dearth of information on the maternal health of women with disabilities, it is imperative that all states include disability identifiers in their PRAMS. Finally, screening for PPD symptomatology among recent mothers with disabilities by health care providers and timely referral of those with PPD diagnosis are critical to improving the health of both mothers with disabilities and their children.
